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The spontaneous breaking of linearly realized N = 1 supersymmetry implies the existence of a
pseudo-Goldstone fermion, the goldstino, and of its complex scalar superpartner, the sgoldstino.
The latter has generically sizable tree-level couplings to Standard Model gauge bosons while its
couplings to SM fermions are suppressed. We consider a light sgoldstino, with a mass around 1
TeV, that mixes with a SM-like Higgs scalar at around 125 GeV. We show that such a mixing can
enhance the Higgs to di-photon signal rate while evading all the relevant experimental bounds and
without significantly affecting the other decay channels.
I. INTRODUCTION
The spontaneous breaking of N = 1 supersymme-
try (SUSY) implies the presence of a pseudo-Goldstone
fermion, the goldstino, which becomes the longitudi-
nal component of the gravitino once SUSY is coupled
to gravity. As a result of this super-Higgs mecha-
nism, the gravitino acquires a mass (in flat space-time)
m3/2 = f/(
√
3MP), where
√
f is the SUSY breaking scale
and MP ≈ 2.4·1018 GeV is the Planck mass. We consider
the scenario where
√
f is within one order of magnitude
above the TeV scale. In such a case, due to the super-
symmetric version of the equivalence theorem [1, 2], the
gravitino can be replaced by its goldstino components
and SUSY can be treated as an approximate global sym-
metry.
When SUSY is linearly realized, but spontaneously
broken, the SUSY algebra implies the presence of the
goldstino complex scalar superpartner: the sgoldstino.
In contrast to the goldstino, this scalar is not protected
by the Goldstone shift symmetry and therefore it generi-
cally acquires a mass of the order f/M upon integrating
out some heavy states, with a characteristic scale M , of
the SUSY breaking sector. The precise coefficient de-
pends on the details of this sector, such as the loop order
at which the sgoldstino mass is generated. If this scale M
is comparable to the mass scale of the heavy states that
are integrated out in order to generate the soft masses of
the Standard Model (SM) superpartners, then also the
soft masses are of the order f/M . Again, the coefficients
depend on, for example, whether the soft masses are gen-
erated at tree level [3] or loop level [4]. Hence, whether
the sgoldstino is heavier or lighter than some, or all, of
the SM superpartners is a model-dependent question. Of
course, if its mass is much larger than the energy scale
under consideration, the sgoldstino can be integrated out
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and SUSY is non-linearly realized in the resulting low en-
ergy effective theory, see e.g. Ref. [5]. In contrast, if the
sgoldstino is sufficiently light, it should be included in
the low energy effective theory, see e.g. Refs. [6–9] (see
also Refs. [10–14] for studies of sgoldstino collider phe-
nomenology).
The couplings of the sgoldstino to the SM fields are
determined by the supercurrent conservation. In partic-
ular, the strength of its couplings to SM gauge bosons is
dictated by ratios of the gaugino masses over the SUSY
breaking scale. The sgoldstino couples almost exclusively
to the transverse polarizations of the gauge fields, im-
plying that its couplings to gluons and photons are not
1-loop suppressed with respect to the couplings to the Z
and W bosons.
In this work we consider the case where the sgoldstino
scalar is light, around the TeV scale, and mixes with a
SM-like Higgs boson (at around 125 GeV), modifying its
phenomenology at the LHC. In particular, due to the
smallness of the coupling of the SM-like Higgs boson to
photons, even a small mixing with the sgoldstino can
substantially enhance the Higgs to di-photon signal rate.
In contrast, since the couplings of the SM-like Higgs to
the Z and W bosons are large, the partial widths into
ElectroWeak (EW) gauge bosons are not affected by such
a small mixing. However, their signal rates would still be
affected by an enhanced gluon fusion production cross
section of the Higgs, arising again because of the Higgs-
sgoldstino mixing. Such an overall enhancement in the
production can be avoided by requiring at least one of
either the bino or wino masses to be of the same order
as the gluino mass.
A common way to enhance the Higgs to di-photon rate
is by reducing the Higgs coupling to bottom and/or top
quarks. In fact, a decrease in the rate for h → bb¯ sim-
ply reduces the overall Higgs rate and hence enhances all
the subdominant Branching Ratios (BRs). On the other
hand, a reduction in the top quark coupling, including a
sign flip, increases the diphoton BR because of the inter-
ference of the top-loop with the W-loop that generate the
effective Higgs coupling to photons (see e.g. Refs. [15–18]
for recent discussions concerning the general low-energy
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2parametrization of the Higgs couplings). In the context
of the Next to MSSM (NMSSM), the possibility of en-
hancing the Higgs to di-photon rate by Higgs mixing was
discussed in e.g. Refs. [19, 20]. One can also increase
the loop contribution to the Higgs coupling to photons
by considering extra heavy states that are charged un-
der electromagnetism and have a large coupling to the
Higgs boson, see e.g. Refs. [21, 22]. In this paper we
show that the Higgs to di-photon enhancement can be
achieved without significantly affecting any of the other
decay channels, while satisfying experimental bounds on
the sgoldstino decays, arising primarily from di-jet and
di-photon searches.
Because of the general properties of the sgoldstino, we
are not restricted to any particular SUSY extension of the
SM, such as the MSSM or extensions thereof. However,
we do require the presence of a SM-like Higgs scalar with
a mass at around 125 GeV as suggested by the recent
LHC results [23, 24]. Note that, since the scale of SUSY
breaking is low, tree level F-term contributions to the
Higgs mass, arising from the goldstino superfield, can
increase the usual MSSM tree level mass that arises from
the D-term contributions of the vector superfields, see
Refs. [9, 25, 26].
The paper is organized as follows. In Section II we
discuss SUSY operators which give rise to the sgoldstino
couplings that control the most relevant decay channels.
We also determine the sgoldstino production cross section
and compare it against the relevant experimental bounds.
In Section III we discuss the scenario where the sgoldstino
mixes with a SM-like Higgs boson. Motivated by the
possible hint at the LHC for an excess in the Higgs to di-
photon signal rate compared to the SM [27, 28], we study
the possibility of enhancing this rate via the mixing with
the sgoldstino. In Section IV we draw our conclusions
and in the Appendix we provide the relevant sgoldstino
couplings and decay widths.
II. SGOLDSTINO PHENONENOLOGY
In this section we discuss the most relevant cou-
plings, decay channels and the production mechanism
of the sgoldstino. We consider the case in which the
goldstino resides in a gauge singlet chiral superfield
X = x+
√
2θG+ θ2FX , where the auxiliary component
FX acquires a non-vanishing VEV f . In contrast to the
common way of parametrizing SUSY breaking using a
background spurion, here we are treating both the gold-
stino G and the sgoldstino x as propagating degrees of
freedom. The complex sgoldstino scalar gives rise to both
a CP-even and a CP-odd1 neutral scalar state in the mass
1 As a consequence of the structure of the sgoldstino vertices, the
production and decays of the CP-odd state will be very similar
to those of the CP-even state.
basis. In the following we will restrict our analysis to the
CP-even sgoldstino scalar φ only.
A. Couplings and decays
The most relevant sgoldstino couplings to the SM
gauge fields are obtained by simply coupling the gold-
stino superfield to the gauge kinetic terms,
3∑
i=1
−mi
2 f
∫
d2θX WαAiW
Ai
α + h.c. , (1)
where the indices A1 = 1, A2 = 1, 2, 3 and A3 = 1, · · · , 8
run over the adjoint representations of U(1)Y , SU(2)L
and SU(3)C . By inserting the VEV of the auxiliary field
FX = f , one recovers the usual gaugino masses mi. Since
we are interested in the sgoldstino interactions we pick
the scalar component of X and the gauge field strength
component of WAiα . All the relevant vertices are given in
the Appendix, including the couplings between the CP-
even sgoldstino and the longitudinal components of the
Z and W bosons, i.e. φZµZµ and φW
+µW−µ , which arise
after mixing with the SM-like Higgs and will therefore be
suppressed by the mixing angle. Since the typical size of
the mixing angle we will consider in the following is small,
such couplings turn out to be negligible in our analysis.
In order to account for the invisible decay of the sgold-
stino into two goldstinos, we consider the following SUSY
operator, which gives rise to a sgoldstino coupling to two
goldstinos,
− m
2
φ
4f2
∫
d4θ
(
X†X
)2
. (2)
This operator also gives rise to a soft mass mφ for the
sgoldstino and is generically generated by integrating out
heavy states in the SUSY breaking sector, e.g. massive
fields integrated out at 1-loop in O’Raifeartaigh models
or a massive vector multiplet integrated out at tree level
in models with an additional U(1) gauge group.
The couplings of the sgoldstino to the SM femions arise
from the following SUSY operators, which also provide
the A-terms,
− Au
f
∫
d2θX QHu U
c + h.c. , (3)
together with the analogous operators for the up-type
quark and lepton chiral superfields. By picking the scalar
component of X, the fermion components of the quark
superfields and the VEV of the hu-scalar, we see that all
the sgoldstino couplings to SM fermions are suppressed
by a factor Av/f . Hence, if the A-terms are propor-
tional to the Yukawa couplings, it is only the top A-term
which can be relevant. However, due to the additional
v/
√
f suppression, the sgoldstino coupling to top quarks
turns out to be irrelevant in our analysis. Note that, via
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FIG. 1: In the left (right) plot, the most relevant partial decay widths (BRs) for the CP-even sgoldstino are given as a
function of the sgoldstino mass. In both plots, all the gaugino masses have been set equal to 1 TeV and, in the left plot,
√
f
has been set equal to 5 TeV.
the usual Yukawa superpotential couplings, the sgold-
stino can couple to the SM quarks by mixing with the
SM-like Higgs. However, since we will assume that such
a mixing is small, this will not induce any significant cou-
plings. Hence, the sgoldstino will generically couple very
weakly to fermions and therefore all sgoldstino decays
into fermions will be subdominant.
We see from Eqs. (1), (2) and (3) that all the sgold-
stino couplings are proportional to soft parameters over
the SUSY breaking scale, which follows from the fact
that the superpartner of the sgoldstino, the goldstino,
couples to the divergence of the supercurrent. In order
to have a valid perturbative expansion in terms of such
ratios, we require all soft parameters to be smaller than√
f . Also, in order to have the corrections to the kinetic
terms under control, which arise from non-renormalizable
SUSY operators, all VEVs of the scalars should be much
smaller than
√
f . This latter requirement will not only
be satisfied for the Higgs fields but also for the sgoldstino,
which, from the analysis done e.g. in Ref. [9], we expect
in general to have a (exactly or at least approximately)
vanishing VEV.
In Figure 1, the most relevant partial widths and BRs
are given as functions of the sgoldstino mass in the mass
range between 500 GeV and 1.5 TeV. The analytic ex-
pressions for these partial widths are given in the Ap-
pendix. In this figure we have chosen a particularly sim-
ple point in the parameter space, in which all the gaugino
masses have been set to be 1 TeV 2 and we see that, due
to the color factor enhancement of the gluon width, the
decay into two gluons is generically the dominant decay
channel. This parameter choice implies that it is simple
2 The choice of setting all the gaugino masses equal to each other
will be motivated in the following section whereas the choice of 1
TeV is motivated by the fact that the LHC searches are constrain-
ing the gluinos to be above around 800 GeV, see e.g. Ref. [29]
for a rather model-independent analysis.
to rescale the partial widths in the left figure for different
values of f . Notice that the dependence on f drops out
in the BRs. Also note that the coupling governing the
partial width of the sgoldstino decaying into γZ is non-
vanishing only for m1 6= m2 (see Table I) and therefore,
due to the particular choice of parameters, this channel
is not present in Figure 1.
B. Production and bounds
Concerning the production mechanism for the sgold-
stino, due to the coupling to gluons in Eq. (1), the sgold-
stino will be resonantly produced at hadron colliders.
The Leading Order (LO) production cross section by
gluon-gluon fusion can be written in the form3,
σφ =
pi2
8
Γ (φ→ gg)
smφ
×
∫ 1
m2φ/s
dx
x
fp/g
(
x,m2φ
)
fp,p¯/g
(
m2φ
xs
,m2φ
)
,
(4)
where the partial width Γ (φ→ gg) is given by
Eq. (A.3a), s is the center of mass energy squared and
fp/g
(
x,Q2
)
are the parton distribution functions defined
at the scale Q2. This production cross section is shown in
the left panel of Figure 2 as a function of the sgoldstino
mass for the choice of parameters m3 =
√
f = 1 TeV 4.
Let us stress that this choice of the value of
√
f is not
related to the parameter space we will consider in the
3 This formula makes use of the Narrow Width Approximation
(NWA) which is a good approximation as long as Γφ . 0.1mφ
and mφ 
√
s.
4 To take into account the fact that the NWA breaks down at
mφ ≈
√
s, which is particularly relevant at the Tevatron, we
always show the ratio σ (pp→ φ→ gg) /BR (φ→ gg), allowing
us to provide unified results independent of the NWA.
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FIG. 2: Left panel: Sgoldstino production cross sections at LHC@7, LHC@8 and Tevatron; right panel: bound from direct
search in the γγ final state.
following section, where we discuss how the presence of
the sgoldstino can affect the properties of a SM-like Higgs
scalar and where only greater values of
√
f are consid-
ered. The reason why we have chosen
√
f to be equal
to the gluino mass in the left panel of Figure 2 is that it
allows for simple rescalings of the cross sections for dif-
ferent values of m3 and
√
f , according to Eqs. (4) and
(A.3a). The numerical cross sections have been obtained
using the CalcHEP Matrix Element Generator [30–32]
with the CTEQ6L parton distribution functions.
The sgoldstino mass and couplings are in general not
very constrained from experimental bounds. Since the
couplings to fermions and to the longitudinal components
of the EW gauge bosons are suppressed, bounds from
LEP searches and from EW Precision Tests (EWPT)
are irrelevant in the region of the parameter space we
consider. The only relevant bounds come from direct
searches for a resonance in the di-jet, di-photon or di-
boson final states. Direct searches for resonances in the
di-jet invariant mass spectrum have been performed by
the Tevatron (see, e.g., Ref. [33]) and the LHC (see, e.g.,
Refs. [34] and [35]). These searches do not set any bound
on the sgoldstino mass or its coupling to gluons as long
as m3 ≤
√
f , which is always true in the region of the
parameter space we are considering.
The most constraining bound comes from direct
searches in the di-photon final state. Searches for reso-
nances in the di-photon final state are usually performed
in the framework of extra dimensions and are restricted
to spin-2 resonances5. However, since we do not know
the acceptance times efficiency for a scalar particle in the
specific analyses, it is not obvious how to use these re-
sults in order to set bounds on the sgoldstino. Of course,
the simplest thing to do is to assume these quantities to
be the same for the scalar and the spin-2 states in order
5 See, e.g., the recent searches by the ATLAS [36] and the CMS
[37, 38] collaborations.
to compare the experimental limit on σ × BR with the
same quantity computed in our model.
The only analysis setting a bound on σ × BR (even if
a spin-2 particle is considered) is the ATLAS search of
Ref. [36]. Unfortunately, this bound contains combined
limits coming not only from di-photon but also from di-
lepton final states. To be conservative, we assume that
this bound corresponds only to di-photon events and we
get the bound σφ×BR (φ→ γγ) . 10−2 pb, which turns
out to be almost independent of the sgoldstino mass in
the region of interest. In our model, this bound trans-
lates into a bound on Mφγγ/f , where the Mφγγ is the
mass parameter relevant for the sgoldstino coupling to
photons and is determined by the bino and wino masses,
see Table I. This is due to the fact that the production
cross section is proportional to m23/f
2, while the decay
BR into the di-photon channel, being subdominant with
respect to the gluon-gluon channel, is approximately pro-
portional to M2φγγ/m
2
3. Taking into account Eqs. (4),
(A.3a) and (A.3b) this bound can be written in the fol-
lowing way,
σφ ×BR (φ→ γγ) ≈ σφ × TeV
2
f2
M2φγγ
8
. 10−2 pb , (5)
where σφ is the production cross section computed for
m3 =
√
f = 1 TeV. This implies the constraint,
M2φγγ
f2
. 8 · 10
−2 pb
σφ
1
TeV2
, (6)
which is plotted in the right panel of Fig. 2 as a function
of the sgoldstino mass.
III. HIGGS-SGOLDSTINO MIXING AND
HIGGS RATES
Since the Higgs couplings to photons and gluons are
generated only at one loop, even a small mixing with the
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FIG. 3: Left panel: contours of Γ(h→γγ)
Γ(h→γγ)SM in the (cos θ,m1) plane; right panel: contours of cos θ in the (∆,mφ) plane.
sgoldstino may significantly affect the Higgs phenomenol-
ogy at the LHC. In particular, we have seen that the
sgoldstino enjoys large tree-level couplings to the trans-
verse gauge bosons of the form (m3/f)φGµνG
µν and
(Mφγγ/f)φFµνF
µν , whereas the couplings to longitudi-
nal EW bosons and to fermions are in general suppressed.
Therefore, even a small sgoldstino-Higgs mass mixing sθ
can generate an O(1) correction to the hFµνFµν vertex
which, in turn, gives a sizable correction to the discovery
channel h→ γγ if sθMφγγ/f = O(10−2) TeV−1. On the
other hand, a small mixing will have a negligible effect
on the Higgs widths into EW gauge bosons and fermions
since their corresponding couplings are already present
at tree-level.
The same sgoldstino-Higgs mixing contributes also to
the gluon fusion production or equivalently to the Higgs
partial width to two gluons according to
δΓ(h→ gg)
ΓSM(h→ gg) ≈
Ncm
2
3
M2φγγ
ΓSM(h→ γγ)
ΓSM(h→ gg) , (7)
where Nc = 8 is the color factor. Assuming that the rates
in EW gauge bosons are within 20− 30% of the SM ones
we obtain a quite compressed spectrum with at least one
of either the bino or wino masses being comparable to the
gluino mass. Including more exotic decays (e.g. invisible
widths) would allow for a larger production cross-section
and relax the compressed spectrum. As an example, one
could arrange for sgoldstino decay into goldstinos which,
after mixing, induces an invisible width for the Higgs bo-
son, namely Γ(h → GG) = (s2θ/c2θ) Γ(φ → GG). In the
following, for simplicity, we will not consider this possi-
bility any further.
Let us now discuss a simple realization of the sce-
nario discussed above. We consider the decoupling limit
of a SUSY Higgs sector augmented with a sgoldstino.
We trade a small mass mixing ∆ for the mixing angle,
sθ = sin θ ' ∆2/(m2h −m2φ), where mh and mφ can be
treated as the physical masses as long as θ  1 as is
required by having SM-like tree-level vertices. Due to
Higgs-sgoldstino mixing, the Higgs couplings to photons
and gluons are modified according to
Leff =
[
1 +
sθ
cθ
pivMφγγ
cSUSYγ f
]
cθc
SUSY
γ
h
piv
FµνF
µν
−
[
1− sθ
cθ
12pivm3
2
√
2cSUSYg f
]
cθc
SUSY
g
h
12piv
GµνG
µν ,
(8)
where the positive coefficients cSUSYγ ,g parametrize the
corresponding vertices in the no-mixing limit. The
left panel in Fig. 3 shows the enhancement in
Γ(h→ γγ)/ΓSM(h→ γγ) matching cSUSYγ to the Lead-
ing Order SM value cSMγ ' α. The typical mixing angle
sθ is in the range 0−0.05 corresponding to a mass mixing
∆ = 200− 500 GeV for mφ in the range 500− 1500 GeV
(see the right panel in Fig. 3). Notice that the effect
of the mixing on the Higgs production cross section by
gluon-gluon fusion and the Higgs decay to γγ can be ei-
ther constructive or destructive, depending on the sign
of the three gaugino masses. In particular, for m3 and
Mφγγ both positive, it is possible to deplete the Higgs
production cross section and reduce the signal rate in all
channels except for the γγ, which, at the same time, can
be increased.
IV. CONCLUSIONS
In this paper we discussed the phenomenology of a
light sgoldstino at the LHC, and how it affects the pro-
duction and decay rates of a SM-like Higgs boson. We
showed that a small Higgs-sgoldstino mixing can enhance
6TABLE I: The couplings of the CP-even sgoldstino to the
SM particles and the goldstino in terms of the soft masses.
Coupling Analytical Expression
Mφgg
m3
2
√
2
Mφγγ
m1 cos
2 θW +m2 sin
2 θW
2
√
2
MφγZ
(m2 −m1) sin θW cos θW√
2
M
(T )
φZZ
m1 sin
2 θW +m2 cos
2 θW
2
√
2
M
(L)
φZZ −
mφZZ√
2
M
(T )
φWW
m2√
2
M
(L)
φWW −
mφWW√
2
MφGG
imφ√
2
√
2
the Higgs couplings to the gauge bosons because of the
sizable tree-level couplings of the sgoldstino to the trans-
verse polarizations of the gauge bosons. In particular, we
showed that it is possible to achieve an O(1) enhance-
ment in the di-photon Higgs signal rate by considering
a sgoldstino scalar at around the TeV scale, without af-
fecting the other rates and without conflicting with any
other experimental bounds.
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Appendix: Sgoldstino couplings and widths
The most relevant couplings of the CP-even sgoldstino
to SM particles and to the goldstino are described by the
following effective Lagrangian [10],
Leff = Lφgg + Lφγγ + LφγZ + LφZZ + LφWW + LφGG ,
(A.1)
where
Lφgg = Mφgg
f
φGaµνGaµν , (A.2a)
Lφγγ = Mφγγ
f
φFµνFµν , (A.2b)
LφγZ = MφγZ
f
φFµνZµν , (A.2c)
LφZZ =
M
(T )
φZZ
f
φZµνZµν +
M
(L)
φZZm
2
Z
f
φZµZµ , (A.2d)
LφWW =
M
(T )
φWW
f
φW+µνW−µν
+
M
(L)
φWWm
2
W
f
φW+µW−µ ,
(A.2e)
LφGG =
M2φGG
f
φGG (A.2f)
where all the mass parameters Mi are given by combina-
tions of soft masses according to Table I.
The two body decay widths of the CP-even sgoldstino-
like scalar are given by
Γ(φ→ gg) = 2M
2
φggm
3
φ
pif2
, (A.3a)
Γ(φ→ γγ) = M
2
φγγm
3
φ
4pif2
, (A.3b)
Γ(φ→ γZ) = M
2
φγZm
3
φ
8pif2
(
1− m
2
Z
m2φ
)3
, (A.3c)
Γ(φ→ ZZ) = m
4
Z
8pimφf2
[
2 (M
(T )
φZZ)
2
(
6− 4m
2
φ
m2Z
+
m4φ
m4Z
)
+ 12M
(T )
φZZM
(L)
φZZ
(
1− m
2
φ
2m2Z
)
+ (M
(L)
φZZ)
2
(
3− m
2
φ
m2Z
+
m4φ
4m4Z
)](
1− 4m
2
Z
m2φ
)1/2
,
(A.3d)
7Γ(φ→WW ) = m
4
W
8pimφf2
[
(M
(T )
φWW )
2
(
6− 4 m
2
φ
m2W
+
m4φ
m4W
)
+ 12M
(T )
φWWM
(L)
φWW
(
1− m
2
φ
2m2W
)
+ 2(M
(L)
φWW )
2
(
3− m
2
φ
m2W
+
m4φ
4m4W
)](
1− 4m
2
W
m2φ
)1/2
,
(A.3e)
Γ(φ→ GG) = M
4
φGGmφ
4pif2
. (A.3f)
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